Study Objectives: Insomnia is a common symptom in the clinical course of schizophrenia. There is a robust association between insomnia and suicidality in other psychiatric disorders. Two previous studies found associations between insomnia and suicide attempt or completed suicide in patients with schizophrenia. We hypothesized that greater insomnia would be associated with greater levels of suicidal ideation in patients with schizophrenia and other nonaffective psychoses.
Introduction
Insomnia is a common symptom in schizophrenia, independent of medication status and clinical course, which may be mediated by dysfunctional and misaligned circadian rhythms [1, 2] . A recent systematic review of patients with early psychosis found that sleep disturbances and abnormalities in sleep architecture and spindles may be correlated with symptom severity [3] . Insomnia is also robustly associated with suicidality in patients with psychiatric disorders; however, there are a paucity of studies on this association in schizophrenia. In a meta-analysis of 19 studies, patients with psychiatric diagnoses and comorbid sleep disturbance were twofold more likely to report suicidal behaviors than those without sleep disturbance [4] . This association was found in patients with depression, posttraumatic stress disorder, panic disorder, and schizophrenia. Findings for schizophrenia were based on a single case-control study of 20 males who died by suicide and 20 living patients treated at the same time and at the same outpatient clinic [5] . In this study, patients with schizophrenia who died by suicide were almost 13 times more likely to have reported insomnia.
More recently, Li et al. [6] performed a naturalistic, longitudinal study in 388 outpatients with schizophrenia-spectrum disorders. Participants completed a sleep questionnaire at baseline, and clinical information was extracted from case notes over an 8 year period of follow-up. They found that baseline frequent insomnia, at least three times per week in the past year, was common (19%) and a significant predictor of increased risk of suicide attempt over the follow-up period (adjusted HR = 4.63, 95% CI: 1.40-15.36). Andriopoulos et al. [7] retrospectively evaluated the prodrome of 106 consecutively admitted patients with recent-onset schizophrenia. They found that patients with sleep disturbance had an increased prevalence of suicidal ideation, but not suicide attempt, during the prodromal period compared with patients without sleep disturbance. Outside of schizophrenia, case-control and longitudinal studies have found that insomnia is associated with increased subclinical psychotic experiences in adolescents, young adults, and adults [8] [9] [10] . Experimental studies also show that induction of insomnia is associated with increased psychotic experiences [11] .
Schizophrenia is also associated with increased inflammation, including elevated levels of the acute phase protein C-reactive protein (CRP) and cytokines such as interleukin-6 [12, 13] . There is some evidence that inflammation may be associated with insomnia and suicidality in patients with psychiatric disorders, although data in patients with schizophrenia are limited. Patients with psychiatric disorders and suicidality also have higher blood and postmortem brain interleukin-1-β and interleukin-6 levels than patients without suicidality and controls [14] . There is evidence outside of psychosis from experimental sleep deprivation studies that short-term sleep loss is associated with increased CRP and interleukin-6 levels, as well as increased interleukin-6 levels in patients with insomnia versus controls [15] . An actigraphy study in 199 inpatients with schizophrenia found that higher white blood cell counts and the neutrophil-to-lymphocyte ratio, both markers of inflammation, were associated with greater impairments in sleep quality [16] .
Although insomnia is robustly associated with suicidality in other psychiatric disorders, data on this association in patients with schizophrenia are limited. Furthermore, to the best of our knowledge, no previous studies have investigated relationships between current insomnia and current suicidal ideation in patients with schizophrenia and other nonaffective psychoses. This gap in the literature has important clinical implications, as a positive association between current insomnia and current suicidal ideation would support a greater emphasis on the clinical assessment of and interventions for insomnia in this patient population. We hypothesized that greater insomnia would be associated with greater levels of suicidal ideation and lifetime history of suicide attempt in patients with nonaffective psychosis. We also hypothesized (exploratory secondary aim) that higher levels of inflammation, as measured by CRP, would be associated with greater insomnia and suicidal ideation in these patients.
Methods

Participants
One hundred eight inpatients and outpatients aged 18-65 and diagnosed with schizophrenia (n = 52) or related nonaffective psychoses, including schizoaffective disorder (n = 51), psychotic disorder not otherwise specified (n = 4), or schizophreniform disorder (n = 1), who also participated in another ongoing study of immune function in nonaffective psychosis, were recruited in the Augusta, GA area between July 2010 and July 2016. The broader category of nonaffective psychosis, which includes schizoaffective disorder, appears to share characteristics of schizophrenia [17, 18] . Participants with nonaffective psychosis were referred to the investigators by their inpatient or outpatient psychiatrist, who asked the patients if they were interested in participating in a research study. Interested participants met with study investigators, who screened them based on the study inclusion/exclusion criteria. Inclusion criteria were males and females; age 18-65; having capacity to give informed consent; and a DSM-IV diagnosis schizophrenia, schizophreniform disorder, brief psychotic disorder, schizoaffective disorder, delusional disorder, or psychotic disorder not otherwise specified. Exclusion criteria were alcohol withdrawal; antibiotic use in the past 14 days; current lower urinary tract infection (based on urinalysis and urine culture); pregnancy; current scheduled use of nonsteroidal anti-inflammatory drugs (NSAIDs), corticosteroids, or other immunomodulatory agents; history of an immune disorder; illicit drug use in the past 30 days; and current use of clozapine. All participants had a negative urine drug screen. Antipsychotic medications were not standardized, but the majority of participants (70%) were treated with second-generation antipsychotic monotherapy.
Procedures
After providing their own written informed consent, participants underwent a laboratory, physical, and psychiatric diagnostic evaluation. Participants had a blood draw between 8 and 9 am after a 10 hr fast for high-sensitivity C-reactive protein (hsCRP). Blood analyses were performed at Clinical Pathology Laboratories Southeast (Augusta, GA). hsCRP levels were measured using an enzyme-linked immunosorbent assay. A urine sample was obtained for a urinalysis, urine culture, and urine drug screen. Vital signs, height/weight, and medical history were obtained. Psychiatric diagnosis was verified using the Structured Clinical Interview for DSM-IV disorders (SCID) psychosis and mood-disorders modules [19] . One experienced rater (B.J.M.) performed all of the SCID interviews. Symptoms were assessed using the Positive and Negative Syndrome Scale (PANSS) [20] . Two raters with established inter-rater reliability performed PANSS interviews for participants in this study; one rater (B.J.M.) performed the majority of the interviews (n = 89, 83%). These two raters established inter-rater reliability for both SCID and PANSS on a series of training vignettes and videos prior to the study, as well as additional videos rated every 3 months over the course of the study to ensure continued inter-rater reliability. Data on current antipsychotic medications were used to calculate the participant's current daily dose in chlorpromazine (CPZ) equivalents [21, 22] . Data on smoking (number of cigarettes per day) and other substance use were obtained using the Dartmouth Assessment of Lifestyle Inventory (DALI) [23] . Data on socioeconomic status (SES) were obtained using the Hollingshead-Redlich Scale [24] . Childhood trauma was assessed using the Adverse Childhood Experiences questionnaire [25] . Current insomnia (over the preceding 2 weeks) was assessed using the Insomnia Severity Index (ISI) [26] . The ISI consists of seven items, each rated between 0 (none) and 4 (very severe); total score range 0-28. Suicidal ideation over the past week and lifetime history of suicide attempt were assessed using the Beck Scale for Suicide Ideation (BSS) [27] . The BSS consists of 19 items, each rated between 0 and 2; total score range 0-38. The study was approved by the IRB's of both Augusta University and the Georgia Department of Community Health.
Statistical analysis
The data were analyzed using SPSS version 24 (SPSS, Inc.; Chicago, IL). Descriptive statistics (means, standard deviations, and proportions) were calculated for demographic and clinical variables. A one-sample Kolmogorov-Smirnov test was used to examine each variable for normality. ISI scores, BSS scores, and hsCRP were all non-normally distributed. We first calculated bivariate correlation coefficients (Spearman's rho) between insomnia (ISI total score), suicidal ideation (BSS total score), demographic, and clinical variables, including hsCRP. We then investigated the association between insomnia and suicidal ideation as continuous measures using linear regression models. The assumptions of linear regression were met. Age, sex, race, smoking, BMI, alcohol use, trauma, PANSS total score, and CPZ equivalents were considered as potential confounding and/or moderating factors, and were included in the regression model only if they were correlated with insomnia or suicide with p < 0.10. Given evidence that a BSS total score of ≥16 may represent elevated suicide risk [28] , we also investigated the association between insomnia and suicidal ideation as a categorical variable (BSS total score of <16 versus ≥16) using logistic regression, considering the same potential confounding/ moderating factors as described above.
We also investigated the association between insomnia as a categorical variable and suicidal ideation. ISI total scores of 0-7 represent no clinically significant insomnia, 8-14 subthreshold insomnia, 15-21 moderate insomnia, and 22-28 severe insomnia. We compared BSS total scores between the four categorical insomnia groups using the Kruskall-Wallis H-test, and post hoc pairwise comparisons using the Mann-Whitney U-test. Lastly, we investigated insomnia as an indicator of lifetime suicide attempt (BSS item 20) as a categorical variable using logistic regression, again considering the same potential confounding/moderating factors. In the analyses of lifetime suicide attempt, we modeled insomnia as both continuous and categorical variables in separate logistic regression analyses. For all analyses, results were considered statistically significant at α = 0.05 level (two-sided).
Results
One hundred eight participants were enrolled in the study. As described in Table 1 , in the entire sample, the mean age was 42, 67% were male, 66% were of African descent, and the mean PANSS score was 71. The mean (SD) ISI total score was 11.3 (8.0), and the mean BSS score was 5.3 (8.0). Details for inpatients and outpatients, separately, are also presented in Table 1 .
Insomnia and suicidal ideation
ISI total score was significantly positively correlated with BSS total score (ρ = 0.29, p = 0.002). In a linear regression model controlling for race, alcohol use, trauma, PANSS total score, and CPZ equivalents, insomnia remained a significant indicator of suicidal ideation (β = 0.27, p = 0.032; see also Figure 1 ). The pattern of the results was unchanged when restricting the analysis to participants with schizophrenia only (data not shown). BSS total scores were significantly different across categorical insomnia groups (H = 0.010). Participants with severe insomnia had significantly higher mean (SD) BSS scores (13.3 [10.3] ) than participants with moderate insomnia (4.6 [7. 0]), subthreshold insomnia (5.4 [7.9] ), or no insomnia (2.8 [5.6] ; p ≤ 0.03 for each, see also Figure 2 ). In a logistic regression model controlling for race, alcohol use, trauma, PANSS total score, and CPZ equivalents, insomnia was a significant indicator of a BSS total score of ≥16 (OR = 1.14, 95% CI: 1.01-1.28, p = 0.029; see also Table 2 ).
Insomnia and lifetime history of suicide attempt
Participants with a lifetime history of suicide attempt had significantly higher mean ISI total scores than participants without such a history (14.6 [7.8] 
The pattern of the results was unchanged when restricting the analysis to participants with schizophrenia only (data not shown). In a logistic regression model controlling for race, alcohol use, trauma, and PANSS total score, insomnia remained a significant indicator of lifetime suicide attempt (OR = 1.1, 95% CI: 1.03-1.19, p = 0.008; see also Table 2 ). In logistic regression model controlling for the same potential confounding factors, participants with current severe insomnia were almost 15 times more likely to have a history of lifetime suicide attempt than participants without current clinically significant insomnia (OR = 14.8, 95% CI: 1.4-157, p = 0.025; see also Table 2 ).
Insomnia and psychopathology
In the analyses of insomnia and suicidal ideation, insomnia was significantly correlated with psychopathology. Therefore, in post hoc analyses, we investigated the relationship between insomnia and PANSS scores. ISI total score was significantly positively correlated with PANSS total (ρ = 0.33, p = 0.001), positive subscale (ρ = 0.37, p < 0.001), and general subscale (ρ = 0.42, p < 0.001) scores. In linear regression analyses controlling for sex, race, CPZ equivalents, trauma, and alcohol use, ISI total score remained a significant indicator of PANSS scores. This association was no longer significant when restricting the analysis to participants with schizophrenia only (data not shown).
In exploratory post hoc analyses, we also repeated the analyses of insomnia, suicidal ideation, and psychopathology in inpatients and outpatients with nonaffective psychosis, separately. In a linear regression model controlling for sex, race, alcohol use, and CPZ equivalents, insomnia was a significant indicator of suicidal ideation (β = 0.41, p = 0.013) in inpatients with nonaffective psychosis. However, in inpatients, insomnia was not correlated with PANSS total or subscale scores.
By contrast, in a linear regression model controlling for race, CPZ equivalents, and PANSS total score, insomnia was an indicator of suicidal ideation at the trend level (β = 0.29, p = 0.056) in outpatients with nonaffective psychosis. However, in outpatients, ISI total score was significantly positively correlated with PANSS total (ρ = 0.38, p = 0.010), positive subscale (ρ = 0.40, p = 0.006), and general subscale (ρ = 0.48, p = 0.001) scores. Insomnia was significantly positively correlated with the following individual PANSS items: delusions, hallucinations, suspiciousness, anxiety, depression, poor impulse control, and active social avoidance (p < 0.05 for each).
Inflammation, insomnia, and suicidal ideation
In the entire sample and in patients with schizophrenia only, hsCRP levels were not correlated with either ISI (ρ = −0.13, p = 0.19) or BSS (ρ = −0.11, p = 0.27) total scores. In outpatients with nonaffective psychosis, blood hsCRP levels were significantly negatively correlated with insomnia (ρ = −0.30, p = 0.04), but not suicidal ideation (ρ = −0.06, p = 0.64). In a linear regression model controlling for race, BMI, trauma, and PANSS total score, hsCRP levels were a significant indicator of insomnia at (β = −0.41, p = 0.039) in these outpatients. By contrast, hsCRP levels were not correlated with insomnia or suicidal ideation in inpatients with nonaffective psychosis.
Discussion
We found that after controlling for potential confounders, current insomnia was a significant indicator of suicidal ideation, both as a continuous and categorical measure, in patients with nonaffective psychosis. Patients with nonaffective psychosis and current severe insomnia were almost 15 times more likely to a lifetime history of suicide attempt than patients without clinically significant insomnia. Furthermore, greater insomnia was also associated with higher levels of psychopathology, including total, positive, and general symptoms, particularly in outpatients. These findings-which underscore the clinical importance of the recognition and treatment of insomnia in this patient population-extend previous associations between sleep disturbance and suicidality in nonaffective psychosis [5] [6] [7] . There are several strengths of the present study. We extended previous work in this area by investigating relationships between current insomnia and suicidal ideation. Previous studies have focused on relationships between sleep disturbance and suicide attempt or death by suicide in schizophrenia [5, 6] . We also investigated relationships between inflammation, insomnia, and suicidal ideation, which have not previously been studied. Another strength is that we considered multiple potential confounding factors in the analyses, including age, sex, race, smoking, BMI, alcohol use, trauma, psychopathology, and antipsychotic dose. Importantly, the association between insomnia and suicidal ideation was similar in inpatients and outpatients, and did not appear to be driven by acute exacerbation of psychosis. Several potential limitations of the present study are the heterogeneity of the sample with respect to clinical status, the nonstandardized antipsychotic treatment, and the absence of objective measurements of insomnia (e.g. actigraphy or polysomnography). Due to the cross-sectional design, our study does not permit inferences regarding the ability of baseline insomnia to predict incident suicide attempt or death by suicide, though we did find an association between current insomnia and lifetime suicide attempt. Perhaps most importantly, our study also does not permit inferences regarding the temporal nature of this association. Although higher levels of insomnia may lead to worsening suicidal ideation, it is equally possible that higher levels of suicidality may lead to worsening insomnia. In linear regression analyses, the strength of the association was similar when considering either insomnia as an indicator of suicidal ideation (β = 0.27) or suicidal ideation as an indicator of insomnia (β = 0.22). Therefore, rigorously designed longitudinal studies are needed to further disentangle these associations. Future studies should also assess for comorbid sleep disorders, such as obstructive sleep apnea and periodic limb movement disorders, which may be prevalent in this patient population. Given that depression is also highly comorbid with insomnia, suicidality, and nonaffective psychosis, its role as a potential moderating factor also warrants additional investigation. Although we did not find an association between hsCRP levels and insomnia in the entire sample, we did find a significant inverse association between hsCRP levels and insomnia in outpatients with nonaffective psychosis. There is meta-analytic evidence for increased CRP levels in patients with schizophrenia compared with healthy controls [13] . Interestingly, a recent Mendelian randomization analysis found that CRP genetic variants were associated with a decreased risk of schizophrenia [29] . In patients with schizophrenia, higher CRP levels are associated with increased risk of the metabolic syndrome (a constellation of metabolic risk factors associated with the development of atherosclerotic cardiovascular disease) [30] and mortality [31] (Horsdal et al.) , as well as greater cognitive impairment [32] . To the best of our knowledge, ours is the first study to explore associations between insomnia and inflammation in nonaffective psychosis. Several studies have reported positive associations between higher levels of CRP (and other inflammatory markers) and sleep disturbance in nonpsychotic populations [33] [34] [35] . Our findings-which should be interpreted with caution in light of modest sample size-stand in contrast to these previous studies and warrant replication in a larger sample.
We did not find an association between hsCRP levels and suicidal ideation in the present study. Although there is evidence β=0.27, p=0.032 that higher CRP levels may be associated with suicidal ideation and/or suicide attempt in patients with mood disorders [36] [37] [38] , there are failures to replicate [39] . One previous study in patients with schizophrenia found significantly higher CRP levels in patients with lifetime history of suicide attempt, but with a suicide attempt in the past month, compared with those without such a history [40] . Again, in light of our modest sample size, the relationship between hsCRP and suicidal ideation in nonaffective psychosis should be investigated in a larger sample.
Our findings contribute to a broader literature regarding associations between insomnia and suicidality. The association between insomnia and suicidality is well-established in depression, including in clinical trials [4, 41] . A meta-analysis also found that insomnia was associated with suicidality in anxiety disorders, including posttraumatic stress disorder and panic disorder [4] . Insomnia is also an emerging mechanistic explanation mediating the association between alcohol use and risk of suicidality [42] . Given associations across multiple, disparate diagnoses, findings suggest that insomnia is a risk factor for suicidality that transcends diagnosis.
What potential mechanisms might mediate the association between insomnia and suicidal ideation? In patients with depression, several psychological and physiological mechanisms have been proposed, including cognitive distortions about sleep, impaired decision-making/ cognitive dysfunction, serotonergic hypofunction, and hyperarousal/hypothalamic-pituitary-adrenal (HPA) axis dysfunction [43] . Reasons for insomnia in schizophrenia are likely multifactorial, but these same mechanisms are potentially relevant. Hallucinations and delusions may interfere with sleep, and patients with schizophrenia may also have cognitive distortions about sleep based on past experiences [44] . Cognitive dysfunction is a core symptom domain in schizophrenia; however, several previous studies have found that better cognition is associated with suicidal ideation and suicide attempt in the disorder [45] . There is evidence for serotonergic dysfunction in schizophrenia [46] . Although decreased cerebrospinal fluid concentrations of the serotonin metabolite 5-hydroxyindolacetic acid (5-HIAA) is a well-replicated finding in the neurobiology of suicide, a previous study did not find an association between 5-HIAA and suicidality in schizophrenia [47] . There is also evidence for HPA-axis dysfunction in schizophrenia [48] . Further investigation of these mechanisms in schizophrenia is warranted.
Many sleep disturbances in schizophrenia, including insomnia, may be associated with misalignment of circadian rhythms in sleep-wake and melatonin cycles [1, 2] . There is evidence for altered circadian clock gene expression in patients with schizophrenia [49] . There is also evidence for abnormal circadian rest-activity rhythms in participants at clinical high risk for psychosis [50] , and that these abnormalities may predict severity of symptoms and psychosocial impairment over 1 year of follow-up [51] . In an online survey of 111 clinicians regarding the treatment of patients with nonaffective psychosis, although all clinicians reported sleep disturbance in their patients, 82% assessed sleep problems informally (versus standard assessment measures) [52] . Our findings suggest that formal assessment of insomnia may be germane to the clinical care of patients with schizophrenia as a marker of suicidality and symptom severity. Therefore, future studies should use standard instruments to assess both insomnia (such as the ISI) and circadian rhythm dysfunction (such as the MorningnessEveningness Questionnaire), in order to disentangle these relationships. These assessment scales are brief and easily administered. Additional longitudinal studies of associations between insomnia and suicidality are also warranted.
Given associations between greater insomnia and higher levels of psychopathology, particularly in outpatients, our findings also suggest that insomnia may represent an important treatment target in nonaffective psychosis. A meta-analysis of 31 polysomnographic studies (574 patients and 515 controls) found that patients with schizophrenia have significantly shorter total sleep time, longer sleep onset latency, more wake time after sleep onset, lower sleep efficiency, and decreased stage 4 sleep, slow-wave sleep, and duration and latency of rapid eye movement sleep compared with healthy controls [53] . There is evidence that treatment first-and second-generation antipsychotics is associated with increased sleep time and sleep efficiency [54] . Another study found that patients treated with clozapine monotherapy for more than a year had significant stabilization of rest-activity cycles [55] . Whether beneficial effects on insomnia contribute to the antisuicidal properties of clozapine and other antipsychotics represents another potential area for future study.
Interestingly, one study found that greater baseline insomnia predicted greater worsening of psychotic symptoms following antipsychotic withdrawal [56] . Given the high prevalence of medication nonadherence in schizophrenia, this represents an important potential issue. In the online survey by Rehman et al. [52] , the authors found that sleep hygiene and medications were the most common treatment approaches, with infrequent reported use of cognitive behavioral therapy. A pilot-randomized controlled trial in 50 participants with schizophrenia found that after 12 weeks for cognitive behavioral therapy (plus standard care), 41% of participants no longer had insomnia based on ISI scores [57] . A small qualitative study in 14 participants found that participants with schizophrenia reported that CBT was more acceptable, with more perceived benefits and fewer perceived limitations, than pharmacotherapy [58] . By contrast, an 8 week RCT in 39 participants with schizophrenia or schizoaffective disorder and insomnia found that adjunctive eszopiclone was associated with significant improvements in ISI scores and cognition, but not psychiatric symptoms [59] . In addition to its impact on psychiatric symptoms, insomnia may be associated with additional comorbidity in patients with schizophrenia. In a study of 80 patients with schizophrenia, the presence of middle insomnia was associated with a 3.4-fold increased odds of the metabolic syndrome [60] . Another study in 612 Chinese patients with schizophrenia found that insomnia was independently associated with poorer physical quality of life [61] . Taken together, our findings contribute to a growing body of evidence for an association between insomnia, suicidal ideation, and symptom severity in schizophrenia. They also have important potential clinical implications regarding the need for recognition, assessment, and treatment of insomnia in this patient population.
